Abstract. The working principle and the influence factors of carrier-to-noise ratio of heterodyne detection are analyzed in this paper. The local oscillating beam power optimization method is proposed based on the saturation effect of photoelectric detector. Increasing the local oscillating beam power, the transpose gain can be increased, and then the detection limit of carrier-to-noise ratio can be reached. Too high local oscillating beam power will affect the precision of the photoelectric detector, then the photoelectric detector works in the nonlinear region, therefor the carrier-to-noise ratio is reduced. In this paper, the optimization strategy of carrier-to-noise ratio is proposed via analyzing the relationships between the heterodyne signal and the local oscillating beam power, the noise and the local oscillating beam power. The experimental results show that the optimal power of the local oscillating beam can be obtained for different working wavelengths of local oscillating beam by the optimization method proposed.
Introduction
The wind lidar with the characteristics of high precision and high spatial and temporal resolution [1] is widely used in the area of atmospheric wind speed measurement. The wind lidar is used in weather forecasting, wind power generation, aerospace, military and other fields [3] .
Wind lidar is divided into coherent and non-coherent system. The detection sensitivity of coherent wind lidar close to the quantum noise limit, with a higher carrier-to-noise ratio [4] , required less laser emission power. Compared with direct detection, heterodyne detection has the advantage of high accuracy, high transformation gain, good filtering performance and so on [5] .
Advantages of the coherent detection system are reflected in transposition and amplification of weak echo signals, and the information of wind speed is modulated on the video signal. With the frequency domain analysis of video signal, Doppler shift of echo signal can be obtained. When echo signals is transposed and amplified by local oscillating beam, noise is introduced, so localoscillating beam need to be optimized to achieve the optimal signal detection.
Analysis of Carrier-to-noise Ratio

Principle of Heterodyne Detection
Heterodyne detection is that the echo signal which contains information to be tested and the local oscillating beam are met before the beam splitter, and pass focusing lens converged to the photoelectric detector surface for mixing. The echo signal which is not easy to be detected is modulated into an intermediate frequency signal which is easy to be detected, received by the photoelectric detector finally. The signal which is output by detector is the beat signal generated by two light wave frequency difference. Its schematic diagram is shown in Figure 1 . The theory of the heterodyne detection of the optical wave is based on the phenomenon of interference of echo signal and localoscillating beam in the surface of the photoelectric detector. The optical field of echo signal and localoscillating beam can be expressed by [7] )] 
where, ) , , ( t y x I h is the irradiance of heterodyne signal at detector. The mean square value of output current of the detector is
where, =e q /hv is photoelectric conversion coefficient of the detector, e is the electron charge,  q is the quantum efficiency of the detector, h is the Planck constant and v is the Center frequency of laser, '*' represent conjugate.
Analysis of Noise
Noise in coherent wind lidar mainly includes shot noise, relative intensity noise and thermal noise. In electronic devices and optoelectronic devices, shot noise is one of the main sources of noise, which is caused by the uneven and discontinuous current in the device. For the coherent wind lidar, the echo signal power is far less than the local oscillating beam power, so the local oscillating beam becomes a major factor causing shot noise.
The power of shot noise is ( 2 2 (6) where, B is detector circuit bandwidth, P lo is local oscillating beam power. The local oscillating beam power which is output from the laser will be fluctuating. When local oscillating beam arrive the detector, the fluctuation of the power will produce the photoelectric current noise, which is defined the relative intensity noise (RIN) [8] . The logarithm of RIN is defined as 
The mean square value of the noise current caused by the relative intensity noise can be expressed as
In any conductor, the charge carriers are doing the irregular movement. This irregular movement can cause the current fluctuation, which is called thermal noise.
Thermal noise power is
where, K is the Boltzmann constant, T is thermodynamic temperature, R L is detector's load resistance. Total noise power is
Analysis of carrier-to-noise ratio
Advantages of coherent detection system is mix the local oscillating beam and the echo signal to achieve the transposition and amplification of weak echo signals .which can reflect the performance is the carrier-to-noise ratio(CNR) [7] . The ratio of heterodyne signal intensity to noise intensity is expressed by carrier noise ratio, which is
In coherent wind lidarsystem, coherent optical power loss is characterized by heterodyne efficiency when signal beam and localoscillating beam is not ideal matching, which is an important dimensionless physical quantity in Coherent wind lidar system, defined as
Expression of the carrier-to-noise ratio can be gotten. In fact, the detector response is not linear. The photoelectric conversion coefficient of the detector will decreases with increase of the detection power, so that the carrier-to-noise ratio firstly increases and then decreases with the localoscillating beam power increases. The maximum carrier-to-noise ratio can obtain via appropriate localoscillating beam power is selected. The output current of the detector is linear when the input power is low, and the output curve is no longer linear when the input power is raised. This phenomenon is the saturation effect of the photoelectric detection [9] . The input-output expressions of the photoelectric detector are
where  is saturation factor When the working wavelength of the local oscillating beam is 1550nm, we can select InGaAs PIN photodiode as a photoelectric detector. The photoelectric conversion coefficient of the photoelectric detector is =0.9mA/mW, and saturation factor is =0.09mA/mW. The input-output curve of the photoelectric detector is shown in Figure 2 .
Considered the condition of saturation factor, the carrier-to-noise ratio is Figure 2 . Input-output curve of the photoelectric detector.
Experiments
Increasing the localoscillating beam power, the transpose gain can be increased, and then the detection limit of carrier-to-noise ratio can be reached. Too high localoscillating beam power will affect the precision of the photoelectric detector, then the photoelectric detector works in the nonlinear region, therefor the carrier-to-noise ratio is reduced. Therefore, there is an optimal value of the power of the localoscillating beam, to get the maximum value of the carrier-to-noise ratio. Select resistance R L =50，the temperature T=300K and width B=200MHz, P s =10 -8 W,  h =0.4.The selection of local oscillating beam is effected by relative intensity noise and the saturation effect of the photoelectric detection. The values of relative intensity noise select -150dB, -160dB and -170dB respectively. The carrier-to-noise ratio curves can be obtained by consideration saturation effect of photoelectric detection and not consideration saturation effect of photoelectric detection, as shown in Figure 3 . Compared with the two figure above, the carrier-to-noise ratio numerical value or the distribution of the curve have a large change with the change of the localoscillating beam power when consider saturation effect of photoelectric detection. As is shown in the figure 2, the input-output characteristics of the photoelectric detector into the nonlinear region when the incident beam power is greater than 0.4mW. It is necessary to combine with the real performance of the detector when the localoscillating beam power is optimized, which is to consider the saturation effect of the photoelectric detector. As is shown in the Figure 4 , the optimal localoscillating beam power is 0.35mW.
Conclusions
Because of the nonlinearity of the photodiode response curve, the carrier-to-noise ratio of the coherent detection system is not a monotone-increasing function with the localoscillating beam power increasing and photoelectric detectors tending to saturation. The detection performance is influenced by the choice of localoscillating beam power. The optimization method of the localoscillating beam power is obtained. The carrier-to-noise ratio of coherent detection system and the localoscillating beam power optimization are influenced by saturation effect of photoelectric detector. The carrier-to-noise ratio and the optimal value of the localoscillating beam power are changed via the increasing of the relative intensity noise. It is necessary to make an analysis in detail for the relative intensity noise when localoscillating beam power is optimized.
